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The study of the 

the sun is, and since 

I 

cxtrcrae ultraviolet (LTV) radiation froa 

1958 b s  bcexi, an active and cjywic field 
1 

or rciearch, 

addition to the first Grbiting Solar  Cbservatory 
solar spectrum in tmvclcnStlx near 300~1. Also, f the case of 

t:avele.i.,$hj in the neighboyhood of LOA, numxous rocket 

swastlraxnts hava bccn n ~ d a  in aciiiition to obs kvztions fron 

three I-d$ily succesnM. sctcllftcs; Solar Rad P ation-1, Orbiting 

There Iuvc been a dozcn  c t r  =,ore rock& flights in  

observe the 

1 

have Seen carried out b~ groups at the Kava1 Scsearch Laboratory, 

Air Force Cambridse Research Center, Goddard Space F l i s h t  Ccinter, 

University of Colo rdo ,  University oC Leicester a d  University 

Colleze, Lodon.  In gencral t l k  sa"cellfte obscrvctions disctsscd 

than other data but rather because ,&e OSO-1  mensurerents QZS 

more familiar to t h  author. / 



!%idxi ::-:uYfs (1. -10a) 

?-'ract' :A ly  all of tfic caTly stuciies oE solar X-rays 

near 102. were ~mde by thc ;roup at the Saw1 Resccrch Laboratory 

( F r i c d a n ,  Lichtran and i3yrmi L3.2 , Syram, Chuhb and Z'ricban [2].) 

The research in 1956 utilizinz a rockoon launch from an LST i n  

the T'acific Ocean led to the discovery of a s i p i f i c a n t  enhancenent 

of s o f t  X-rays associated with a snwll solar flare (Chubb, 

E'rieCzan, Srcplin and Kuppxiar. [3].) The following yearI a 

riwber of Nike Deacons were launched during solar flares confirming 

a 

I the causality relat ionshi?  between the X-rzy enhancement a.nd 

radio fadeout. In factB w i t h  one of these flights X-rays were 

detected 63.5 Kni above the eerth's surface, (Friedran, Chubb, 

Kukpcrfan ,  Yaeplin and Lindsay [ 4 ] . )  

nur:erous other roc-hct n;easurciients lnve been r i d e  by h m ,  the 

University of Leicester group and C-ocldard Space Flight Center, 

t o  study solar X-rays. 

and/or suprscded by satellite observations. 

Since these observations, 

The rocket results have been reconfirmed 
I 

1 

I T h r e e  satellites have r i d e  rucassurerxmts oE solar radiation 
I 
I 

1 

at  S S V ~ l c ~ ~ t h s  near 10 Angstrons, Those were the bola2 Radiation-1 

(sX-1) , launched Zurro 22, 14GOB Wrq1inB ChuSb, and Friedman [ 5 ] )  , 
I 
I 

I 



shorter t b n  and l U ,  zespcctivcly. k i d e  on the other 

lmxl, carried yroaortional cuutess which rrs3asured the wavelength 

distribution as well as intensity E r m  3 to 1511. 

 OR^ Ariel were in o r b i t  s iml ta~cous ly ,  some cross checks of 

data h v c  bccn possible, 

Since OS;)-1 

The Orbiting Solar Obscmtorjr-1,  duc to the use of "on board!; 

tape recorders, provided observations that werc as near contimous 

as p o s s i b l e  for  a low altitude (600 Ym) circulrir bybit nearly 

equatorial . 
sensitivity, =de it practicable to study the  s ~ ~ u j l e t t i  as well 

es the slowly-varyin= C O q m - A k n t  or" the sun's X-ray emission. 

This contizcivy, corhlncd w i t h  adequate tzcperirmnt 

Iri order to calculate the f d 1  ccalc sensitivity of the OSO-1 

expcriwnt, the spectral shape nezsu-zea by Zounds, tiillmore, 

ct n l  for  A p r i l  27 tms chosen as the most appropriate,  [7 ]  
This spectr.m is czonsfstent with a 2.8 x (50) 6 0". rL plosna w i t h  

wavelcnsths in the 3-2.U interval contributinz to the output 

current of the ion chamber whose response is shown in F i w e  1. 

The  f v l k  scale sensitivity for 3-1-iA X-rays is then found to be 

1,8 x ergs =au2 scc'l. For'cczqmrison with the earlier 

SX-1 rmasurencnt (Iaepl1.n et a1 

QS 2-W, the full scale sensitivity oE the OSO-1 eqerismnt is 

f 51  } over bandvid th  specified 

3.6 x loo4 CP -2 S ~ C  -1 

The sun was most cooperative in tha t  during the Cirst week 

aftor launch, and for a similar period one solar rotation later, 

the  sun w a s  very quiet. The sunspot r i d e r  was reported as 
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Figure  1. OSO-1 Ion Chamber Response 
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6ourccs 02 solar X-rays m e  associatccci with centers of activity. 

It can be seen that t k  si;-.wth~d X-ray flux correlates with tizc 

csccss Of the 21CO-fCc 51~: above 4 backpoud  of? 75 El=  nit^ 

appropriate  €or tho "quiett! cun at that phase of the solar cycle1 

(Covinzton and Eiarvcy Kl . )  
A word of c w t i o n  coriccm-dns the flu; wlucs quoted abovc, 

a ~ c l  gcncralbjr, in the l i t e r a t w o  is in orckr. 

and OSO-1 [GI d ~ t z  aro not eqjlairnblc on the bcsls of a continutra 

radiation from A hot  p1asrr.a. 

of thc t h e m 1  ernission ikon even a 3 mil l ion  de,scc plasna falls 

s b r t  or" the masured in temi t ics ,  nsswi i iq  t12e entire corona 

is ct that tcqerature. 

of clectron ciensiv and teitqctrature supplied by Bfllinga 193 from 

observations of p l a ~ c s  on the sun, April  6, 1962, and assunuing the 

vo'L.lzm oE a plage rczion to be a ~ Q i l l b o x f ~  with a h e i s t  equal 

to the p l e p  radius, caLculcltcd the X-ray Elm from the plage. 

Even then the contin- radiation t;as low by an ord t r  of magnitude, 

Both the Ariel [75 

T h e  ;?roblern is that a calculation 

Sthitc C61, using estimated upper limits 

It was coccludcd that  the m3or  port ion oE the fEuic: must be due 

to Line cmissioz. 

at a si iz i .Zar  conclusion. 

1s not kzmtm, qrsotcd El=; mlucs i7ay bo in comiuerablc error. 

I;omcis, et a1 ,[71 w i n g  Aziel data, arrived 

Siizccz. tkc Ilnc? spcctza erergy distribution 

In addition to these quasi steady-state conditions,  transient 

events (X-ray flares) lasting Erorn a few nirmtes to a couple of 

hours tiere observd by SB-1, BSCi-1 and 'kid, 

obscrvcd by O S O - l  ars, s1ho.cl~n in Figure 4 .  Thc event (Orbit $6) 

shown in Figure 4 contained a t o t a l  energy below 1lA of about 

2 ergs. The flux at the n = i m  was approximtcly 

Several such events 
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Figure 4.. Typical 'Transient X-ray Evenfis Obsserved by OSO-1 
* 



1.6 x 

3.0 x 

event 

than thg OSO-1 observations, therc liwc bccn only one or two 

flares f o r  which a complete time history of X-ray emission has 

been recorded. 

Another X-rcy event (l?lgurc 4 ,  brbit $4) occurred 

sirwltancousfy with an X-a?.$ia flare reported to have b e s n  at 

cpproximtely 2 2 : 4 2  UT, to have reachcd maximxq intensity at 

22:44 ijT and to hvc? ondcd at 22:55 'LT. &.lthouSh the X-ray 

enlznriccrient coincided j k k x l j j  we13 with the bqinning  of the 

l!-al:)l~c event, the peak X-rsy intensity vas observed after the 

K - a l p b  oaxim.m arid X-ray edmxmcnt existed after the reported 

end of the E-alpha flare, 

rcsidual X-ray enhancerant after the cr,d of the 1;-alpha flare 

was quite cormon. 

illustrates the great variability of solar X-my flm. 

not shown, during several orbits signiffcarit variations in tho 

X-ray flux were obsemci to takc.place in the order of a second. 

or" the X-my flares obscrved by OSO-1, 

The X-rsy data for & b i t  $59 (Figure 4) 

Although 

Practically all the flare cncrgy spectrum data available 

has been recorded by Ariel. The flare associated X-ray spectrum 

was observed to intensify and Firdcn conpared w i t h  the pre-€lare 

s p e c t m  with the degree of cdlancanmt varyin3 wideijj 

flare to flare; tometima having no counterpart in €!-alpha. 

In addition, X-ray enluncenunts apyezrcd to be nntch mra Ercgucnt. 
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at the  center Of the solGr disk SO radiation from the 

entire solar disk  and inner corona passed directly throuzh the 
. > . -  

o n t r a x e  slit and struck a concave Srating mwted i n  grazing- 

incidence, the angle of incidence being 86' . 
original ruled i n  a sgecfal @ass by the Eotcl Institute in 

Stockholm, had 576 lines per: millineter on a blank d one meter 

radius of mvature.  The ovi t  s l i t  and detector wre aounted 

The gratin=;, an 

on a carriage which was arivcn on a circular rail so that the 

exit slit scsrined d o n s  tbe Rowlad Circle, vhere the spctrum 

was focused, from 10-400A. The 50 sdcron entrance and exit 

slits provided a spcctrel passbw'd of l . 7 A  

solution of lines 0.85A apart. 

p h o t o m l t i p l i c r  with a tmgcten photocathode to uinim;Lze response 

to wavelenztlz above 1500;:, and to reduce changes in sensitivity 

dce to variations of the emission proper t ies  of the cathode. In 

flizht the instraiment proved t o  be very Wiet .  

electrorqpetic radiation entering tho entrance slit the instrument 

recorded one spurious count in &.slit seconds 05 time. 

pemdttcd re- 

The detector was a winJotrless 

With m 

From the  spectrum shown in Figure 8 it can be seen that 

there is good agrement with the  spectra of fiintereg~er and 

Tousey Erorn 170-4OOA. 

scans, to obtain evidence for  line structzire (Neupert [lS]) in 

the neighborhood of 50h. 

It has been posoible, 3y combining several 

(Shown as the lower trace in Figure 8). 

- 17 - 



ti 
P a 
r 
I c 
W 

8 '  

n m 

8 

66 

L . -  



i 
j c  

I 



d 

22 

d 
a- 
0 

N 
0 -  
0 %  

N 
h)' 
0 

i 

E -  

\ 



- 21 - 



P, 

=- 

E 

f 



M ~ S  obtained tihila sc-gercli l a r ~ c  m d  well-icvelopcd centers 

02 activity ticre present on t h e  dizlc ,  Corzparing tiiesa two 

spectra, t ~ c  observe t k t  t ke  e i d , s s i ~ n  i fms  h v c  increased 

in intensity,  but not  all by the same tzn.cnint, Thc Fe XV ard 

Fe Xt I  lfnec, nlrcady proaincnt evcn in the stbsence oC solar 

activity, have increased ir, i n t e m i t y  appm2ia3ly more t b n  

asy other l i n e  observed wa%th certainty in t h i s  spcctral ran~e, 

The fIc I1 line has also increcscd, but by a lcsser anount. 

The relat ionship of these observed c o u n t i q  rates to 

several ground-bmed mxisurc.li.,cnts of solar activity is presented 

in Figwes 11 and 12. fix ? i s r e  11, the  EIe IT radiation is 

compared with Gaily values of tiic solar flux at 2Y3O-Fic, and 

with the Zmich Provisioned Eelativc 5unspot Xwiber (ZFXSN). 

Also shown is an evtiineto 03 the calcium glasc: area, each area 

being weighted by the estivated fntensity of t:hc area on scala 

from 1 to 5. Values f o r  this con;jutution were supplied by the 

KCliGth-EiulBort Gbservctory . In F i p r e  3.2, the dally values of 

sofer  fitr;i at 2800-~c  a d  t he  Zurich E'rovieiomil Rclrtivc 

~unspot  1"iwbcr are eoiqareci w i t G  radiation due to the coronal 

lines of Ps XV (284.A) and Fc XI1 (3354,). T h e  estimated calcium 

plase intsntsity is also shotm, 

As would be expected, the er'Ecct of Elares upon the solar 

flux nezr 300A was not as strikina as for  the l O A  X-ray region 

of the spectra, 

f o r  a class-2 f lare  that  occurrcd at approxir;lateLy 2000 UT thc 

20 A@l 1962. 

T l d s  is illustrate6 by riata chorrn in Zigure 13 

Coinciding closely with the H-alpha flare tihem 
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anti tho i r o n  lirrcs. 

observing ghenomnsl localized st paxticulnr levels in the solar 

It appears thet in thcsc instances we are 

aw.wsghcrc 

R.3 

3.73~1 - 221A 
5 2% 



i 

percent 

- 23 * 





1. 

3 
C .  

3, 

4.  

E; 
4.  

6. 

7. 

c. 
U.  

5 .  

10. 
I 
I 1. 
! 



12 . 
13. 

14 . 

15. 

16 

17 

18. 

39 




